Introduction
Several studies have estimated genetic parameters for beef cattle and evaluated relationships between growth traits and carcass traits (Blackwell et al., 1962; Shelby et al., 1963; Cundiff et al., 1964; Swiger et al., 1965; Cundiff et al., 1971; Dinkel and Busch, 1973; Koch, 1978; Koch et al., 1982) . However, all previous estimates were from herds that had been subjected to artificial selection. Brown and Turner (1968) found that additive variances were reduced in selected Pepin Merino ewes compared with unselected control lines, in agreement with quantitative genetic theory (Falconer, 198 1 in mice the additive genetic variance of the randomly bred control line was 1.60 (rnice/litterl2, compared with .74 (mice/litter)2 within the selected line after 15 generations of selection. Heritability estimates for the selected line were significantly lower than the nonselected control line estimates. Thrift et al. (1981) reported a general trend for heritability estimates to be larger in nonselected lines than in selected lines.
The present study was conducted with a randomly selected herd. The objective was to estimate genetic parameters and compare these estimates from an unselected herd with previous estimates from populations that had been subjected t o selection.
Materials and Methods
Birth, growth, and carcass data were collected in a randomly selected herd of Hereford cattle composed of two replicates (Nelsen et al., 1984) at the Fort Keogh Livestock and Range Research Laboratory (LARRL) at Miles City, MT from 1978 through 1987. The cattle were raised under eastern Montana conditions (Houston and Woodward, 1966) . The winter supplementation consisted of two feedstuffs, 22% CP barley pellets and a grass-alfalfa mixture of hay (Urick et al., 19851 , and was fed as needed depending on the severity of winter conditions.
Calves were born in the spring and weaned in midOctober at a mean weaning age of 185 d. After weaning, bull calves were allowed a 10-d adjustment period and then started on a 168-d gain trial. Bulls were allowed ad libitum access to a diet of 48% corn silage, 48.7% barley grain, 1.8% soybean meal, .5% urea, plus 1.0% salt, calcium, phosphate, trace minerals, and vitamins A and D on a DM basis. The diet provided approximately 2.62 Mcal of energykg of DM (Reynolds et al., 1991) .
After the 168-d feed trial, bulls were fed to gain .9 kgid and were slaughtered at approximately 490 d of age from 1978 through 1983. During later years bulls were fed slightly increased concentrate levels and slaughtered at slightly younger ages (Reynolds et al., 1991) .
Only single-born bull calves raised on their own dams were included in the data set. Initial test weight was taken at the start of the 168-d postweaning feed trial. Final test weight was an average of three weights recorded on consecutive days at the conclusion of the postweaning gain trial. Slaughter weights were recorded before bulls were transported 240 or 370 km to slaughter facilities. Hot carcass weights were recorded at slaughter. Longissimus muscle area was from the 11th-12th rib and measured with acetate (003 matte) paper. Percentage of kidney, pelvic, and heart fat (KPH) was estimated by USDA officials. Marbling scores were assigned by USDA officials using the guidelines given in the USDA Official United States Standards for Grades of Carcass Beef (1975) (Devoid = 1, Traces = 6, and Small = 12). Dressing percentage was calculated by dividing hot carcass weight by slaughter weight and multiplying by 100.
Data were analyzed by least squares analysis of variance procedures for unequal subclasses (Harvey, 1977) . Fixed effects included in the model were calf year of birth, age of dam, and the covariate of calf age. Random effects were replication, sire within replication-year, and residual.
All two-way interactions among main effects were tested in preliminary analyses and none was significant. Method 3 (Henderson, 1953) estimates of sire variance and covariance components were used to estimate genetic parameters (Harvey, 19771 , which should provide unbiased estimates because the herd was not subjected to artificial selection.
Calf age was used as a covariate for all traits but in separate analyses slaughter weight was used as a covariate for all carcass composition traits and estimates of heritability were compared. Cundiff et al. (1971) evaluated the effects of age and weight as covariates; age was used to account for variation for rate of growth, and weight was used as a covariate to account for differences in carcass composition and quality.
There were 736 males born from 1978 through 1987 from 86 sires. Birth weight heritabilities were estimated from a data set that included both surviving and nonsurviving male calves. A second group included individuals with complete growth records and included 616 bulls sired by 85 sires. A third group was bulls that had no missing records throughout both the growth and carcass phase of the study. This group did not include bulls from 1979 because of lack of carcass information collected during that year. Also, bulls that were retained for use as sires were not included in this group because they were slaughtered at older ages. The carcass group was represented by 76 sires and correlations were estimated from this group. The numbers of observations within a year are presented in Table 1 for each group.
Results
Descriptive statistics for each trait are presented in Table 2 . Both viable and nonviable progeny were included in the birth weight group, which may have contributed to the large range. Considerable yearly variation (Houston and Woodward, 1966) in pasture conditions may have contributed to a large range for most traits. The fact that no selection pressure was placed on performance traits may have allowed larger variation to persist for growth and carcass traits (Brown and Turner, 1968) . The most distinguishing characteristic of these bulls compared t o steers (e.g., Koch et al., 1982) was their low level of fatness.
Heritability estimates and standard errors are presented in Table 3 for growth traits and in Table 4 for carcass traits. Growth and lean-meat-yielding traits (carcass weight and longissimus muscle area) were analyzed with age as a covariate. Fat composition traits (marbling, percentage of KPH, and dressing percentage) were analyzed with calf age or with slaughter weight as a covariate. There were no significant differences between heritabilities based on age and weight covariates. These findings are in agreement with those of Cundiff et al. (1971) . As a result, calf age was used as the covariate for the estimation of genetic, environmental, and phenotypic correlations.
Present estimates of heritabilities for growth traits and carcass and slaughter weights were in close agreement with those of Reynolds et al. (19911, who estimated heritabilities using son-sire regression on a subset of the present data. Reynolds et al. (1991) ever, heritabilities estimated by regression of son on sire by Reynolds et al. (1991) were lower for longissimus muscle area ( . 0 1) and dressing percentage (.Ol), suggesting that these may be different traits in older sires (30 mol compared to their younger sons (16 mo).
Present heritability estimates are in good general agreement with previous estimates (Woldehawariat et al., 1977) for postweaning growth. However, birth weight and weaning weight were lower than the average estimates of .40 and .32, respectively, from 68 and 72 studies. Thus, heritability estimates for growth traits from this randomly selected herd were not higher than average estimates from selected herds.
The carcass weight heritability estimate was .38 -t .18 and was lower than published estimates. Previous paternal half-sib estimates are as follows: Blackwell et al. (19621, .92; Shelby et al. (19631, 5 7 ; Christians et al. (19621, .96; Cundiff et al. (19641, .62; Koch (19781, .68; and MacNeil et al. (19841, .44. Koch et al. (1982) documented an estimate for cold side weight of . 43 and Lamb et al. (1990) reported .31 for bulls, estimates that are in good agreement with the present estimates.
The present heritability estimate for longissimus muscle area was 51 f. .19 and in good agreement with the wide range of previous estimates: Christians et al. (19621, .76; Shelby et al. (1963) , .26; Cundiff et al. (1964) , .73; Brackelsberg et al. (19711, .40; Cundiff et al. (19711, .32; Dinkel and Busch (19731, .25; Koch (19781, .28; Koch et al. (19821, 56; and Lamb et al. (1990) , .28.
The heritability estimate for percentage of KPH (.37 _+ .18) was lower than previous estimates, possibly due to the bull effect or due to percentage of KPH being estimated. Heritability of weight of KPH was estimated to be .77 by Koch et al. (1982) and .72 by Brackelsberg et al. ( 197 1) . However, the estimate for marbling (.31 k .17) was in good agreement with previous estimates: Brackelsberg et al. (197 11, .73; Cundiff et al. (1971) , .30; Dinkel and Busch (19731, .31; Koch (19781, .34; Koch et al. (19821, .40; and Lamb et al. (1990) , .33.
Heritability for slaughter weight (.42 f .18) was lower in magnitude than most previous estimates. Shelby et al. (1963) reported a heritability of .70 for slaughter weight and Christians et al. (1962) estimated a heritability of 1.00. Blackwell et al. (1962) analyzed final weight at the end of the fattening period and this estimate was .70. Lamb et al. (1990) reported .41 from Hereford bulls.
Dressing percentage had a heritability estimate of .25 _+ .17; previous estimates ranged from .15 to .74 (Blackwell et al., 1962; Christians et al., 1962; Shelby et al., 1963; and Dinkel and Busch, 1973) .
Genetic correlation estimates are presented in Table 5 and are in general agreement with published values. For purposes of this discussion, lean-meatyielding traits were defined as carcass weight and longissimus muscle area and fat composition traits were represented by marbling, percentage of KPH, and dressing percentage.
Relationships among growth traits were highly positive except for those involving birth weight, which ranged from .20 to 54. Most other estimates were in good agreement with published averages summarized by Woldehawariat et al. (1977) . The two correlations that differed most from the averages of Woldehawariat et al. (1977) were between birth and final test weight (.28 f .41 vs average of .62) and between preweaning and postweaning daily gain (1.34 k .49 vs average of .18). The first difference was smaller than the standard error. Basing estimates on unselected bull data may have contributed to the differences.
Genetic relationships between growth traits and lean-meat-yielding traits were moderately to strongly positive (Table 5 ) and agreed with the previous values (Woldehawariat et al., 1977) . Present genetic correlations among fat composition traits were smaller than those documented by Cundiff et al. (1964) , Brackelsberg et al. (19711, and Koch (1978) . A possible explanation was that the present study was composed of young bulls instead of steers. Genetic correlations among fat composition traits and growth traits (except for birth weight) were positive and slight to moderate in magnitude. These estimates were in agreement with those of Blackwell et al. (1962) , Shelby et al. (19631, and Lamb et al. (1990) and in contrast to those of Koch (1978) . Only one study reported genetic correlations of percentage of KPH with birth weight and the other growth traits. Koch et al. (1982) found positive relationships that were in good agreement with the present estimates.
Genetic correlations of lean-meat-yielding traits with fat composition traits were generally slightly positive. Cundiff et al. (1964) reported a slight to moderate positive relationship between longissimus muscle area and fat composition traits. Shelby et al. (1963) estimated a small negative relationship between longissimus muscle area and carcass grade and a moderate positive relationship between longissimus muscle area and dressing percentage. Dinkel and Busch (1973) found that dressing percentage had a moderately positive relationship with longissimus muscle area, but carcass grade had a moderately negative relationship and marbling had a slightly negative relationship. Brackelsberg et al. ( 19 7 1) determined slightly negative relationships between longissimus muscle area and fat thickness, carcass grade, and marbling. Koch et al. (1982) found a positive relationship of .01 between longissimus muscle area and kidney fat and slightly negative relationships between longissimus muscle area and marbling and fat trim weight. Koch (1978) reported slightly positive relationships between longissimus muscle area and fat thickness and fat trim (.03 and .lo, respectively) but a strongly negative relationship between longissimus muscle area and marbling ( -1.34). There were a variety of estimates correlating longissimus muscle area to fat composition traits. Generally, present correlations between lean-meatyielding traits and fat composition traits were more positive than those in the literature.
Present estimates of genetic correlations were in good agreement with those reported previously for carcass weight and the fat composition traits. Koch et al. (1982) and Shelby et al. (1963) reported that genetic correlations of carcass weight with fat composition traits were positive and Lamb et al. (1990) reported a genetic correlation of .64 between carcass weight and marbling.
In summary, the present genetic correlations based on data from bulls in a nonselected herd were in general agreement with those reported previously based on results from selected herds. Genetic correlations among growth traits tended to be of higher magnitude than previous estimates. Fat composition traits had higher positive correlations with growth traits and longissimus muscle area than the average of published results. However, there was a large amount of variation between longissimus muscle area and the fat composition traits documented in previous publications. Possible reasons for differences between previous results and those of the present study would be any difference between bull carcasses and steer and heifer carcasses, especially for fat composition traits. Also, bulls of the present study were slaughtered at 13 to 17 mo of age, which was relatively young compared with those in some of the other studies (Blackwell et al., 1962) .
Environmental correlations are presented in Table  6 . Relationships among the growth traits were generally positive but ranged from -.32 to .98. The only negative relationships were daily gain on test with weaning weight and preweaning daily gain, possibly due to compensatory gain. Swiger et al. (1965) documented a negative relationship between weaning weight and postweaning daily gain of -.17. Koch et al. (1982) reported a relationship of .03 between daily gain from birth to weaning and daily gain in the feedlot. Other relationships were in good agreement with the previous findings (Blackwell et al., 1962; Swiger et al., 1965; Koch et al., 1982) . Relationships between growth traits and lean-meat-yielding traits were generally positive and moderate in magnitude. Koch et al. (1982) reported relationships in close agreement. The only negative relationships consistently documented between growth and lean-meatyielding traits were with ratio traits such as retail product percentage (Swiger et al., 1965; Koch et al., 1982) .
Environmental correlations among fat composition traits were positive and slight to moderate in magnitude. These findings were in good agreement with previous data (Swiger et al., 1965; Koch et al., 1982) . There was a wide range of environmental correlations present in published results between fat composition traits and growth traits (Cundiff et al., 1964; Swiger et al., 1965; Koch et al., 1982) . Most of the estimates were positive and small in magnitude for the present data.
Environmental relationships between lean-meatyielding traits and fat composition traits were generally slightly to moderately positive. Koch et al. (1982) determined that the environmental relationship of longissimus muscle area and cold side weight with fat trim weight, fat trim percentage, kidney fat weight, and fat thickness and marbling was positive and slight to moderate in magnitude. In contrast, Cundiff et al. (1 964) documented negative environmental relationships of longissimus muscle area and backfat thickness and carcass grade, respectively. Blackwell et al. (1962) also found a negative relationship between carcass weight and carcass grade.
In summary, the environmental correlations generally agreed with previous estimates. Present results were in good agreement with those of Koch et al. (1982) and Swiger et al. (1965) . There were some small differences between these and the results of Blackwell et al. (1962) and Cundiff et al. (1964) .
Phenotypic correlations are presented in Table 7 . These findings were in good agreement with published data (Blackwell et al., 1962; Shelby et al., 1963; Swiger et al., 1965; Koch, 1978; Koch et al., 1982; Urick et al., 1985; Lamb et al., 1990 Phenotypic correlations of growth traits with leanmeat-yielding traits were positive and moderate in magnitude. Phenotypic correlations in previous reports for growth traits correlated to longissimus muscle area and carcass weight were in good agreement with the present estimates (Blackwell et al., 1962; Shelby et al., 1963; Koch, 1978; Koch et al., 1982) . Relationships of growth traits with fat composition traits were generally low in magnitude and positive and in agreement with the data of Koch et al. (1982) .
Phenotypic correlations among fat composition traits were positive and slight to moderate in magnitude. Previously published findings also displayed the same trend but correlations were moderate to high in magnitude (Blackwell et al., 1962; Shelby et al., 1963; Cundiff et al., 1964; Swiger et al., 1965; Brackelsberg et al., 1971; Koch, 1978; Koch et al., 1982) . Correlations among lean-meat-yielding traits were positive and of moderate t o high magnitude. Previous results were in good agreement with present estimates (Shelby et al., 1963; Brackelsberg et al., 1971; Cundiff et al., 1971; Koch, 1978; Koch et al., 1982) .
Phenotypic correlations between lean-meat-yielding traits and fat composition traits were in general agreement with previous estimates. Carcass weight and longissimus muscle area were positively correlated with the fat composition traits (Shelby et al., 1963; Cundiff et al., 1964; Koch, 1978) . Koch et al. ( 19 82) found both slightly negative and slightly positive relationships between the lean-meat-yielding and the fat composition traits. In contrast, Brackelsberg et al. ( 197 1) reported negative relationships that were slight to moderate in magnitude.
In summary, present estimates of phenotypic correlations were in close agreement with published data for almost every combination of traits. A possible exception was that the correlations among fat composition traits were lower in magnitude than most previous values. Relationships between the lean-meatyielding traits and fat composition traits varied throughout published data but present estimates were in agreement with the majority of the previous estimates. Thus, these phenotypic correlations from bulls in a randomly selected herd were in good agreement with other studies that included steers and heifers from herds that had been subjected to selection.
Implications
These estimates of genetic parameters and environmental and phenotypic correlations from a randomly selected herd of beef cattle were in good agreement with previous estimates that were derived on herds of beef cattle that had usually been selected for some measure of growth. Thus, estimates of heritability from selected herds do not seem to be biased downward to any great extent. In fact, heritabilities of the present study tended to be smaller than averages of previous estimates. Genetic correlations indicated that selecting bulls for growth traits would result in correlated responses of greater carcass weight and longissimus muscle area and slight increases in measures of carcass fatness.
